Segmentation of Tomographic Images by Bajcsy, Ruzena
University of Pennsylvania 
ScholarlyCommons 
Technical Reports (CIS) Department of Computer & Information Science 
1980 
Segmentation of Tomographic Images 
Ruzena Bajcsy 
Follow this and additional works at: https://repository.upenn.edu/cis_reports 
 Part of the Computer Engineering Commons, and the Computer Sciences Commons 
Recommended Citation 
Ruzena Bajcsy, "Segmentation of Tomographic Images", . January 1980. 
University of Pennsylvania Department of Computer and Information Science Technical Report No. MS-CIS-80-15. 
This paper is posted at ScholarlyCommons. https://repository.upenn.edu/cis_reports/1002 
For more information, please contact repository@pobox.upenn.edu. 
Segmentation of Tomographic Images 
Abstract 
The objective of this paper is to show what the current techniques in image processing, artificial 
intelligence, and computer graphics can do in computed tomography. More concretely, we wish to show 
that given the tomographic data what can be done in order to: 
a) improve the spatial resolution 
b) improve the visualisation of the data 
c) improve the identification of anatomic structures 
Thus, we shall not deal with different hardware, nor with various reconstruction algorithms. We shall 
assume that the data is given and ask what can be done from there on. Examples, documenting each of 
the above points, will be presented. 
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T h e  o b j e c t i v e  o f  t h i s  p a p e r  i s  t o  s h o w  w h a t  t h e  c u r r e n t  t e c h n i q u e s  i n .  i m a g e  p r o c e s s -
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Thus~,we s h a l l  n o t  d e a l  w i t h  d i f f e r e n t  h a r d w a r e ,  n o r - w i t h  v a r i o u s  r e c o n s t r u c t i o n  al~ - -
g o r i t h m s .  W e  s h a l l  a s s u m e  t h a t  t h e  d a t a  i s  g i v e n  a n d  a s k  w h a t  c a n  b e  d o n e  f r o m  
t h e r e  o n .  E x a m p l e s ,  d o c u m e n t i n g  e a c h  o f  t h e  a b o v e  p o i n t s ,  w i l l  b e  p r e s e n t e d .  .  . .  . . .  i  . 1  
1 .  I n t r o d u c t i o n  
I n  t h e  p a s t  f i v e  y e a r s  a  r a p i d  s p r e a d  o f  C T  S c a n n e r s  t h r o u g h  t h e  m e d i c a l  establish~-· 
m e n t  h a s  a l s o  g e n e r a t e d  a  l a r g e  . . a u n t  o f  p i c t o r i a l  d a t a  w h i c h  i n - t u r n  i s - b e g g i n g  
f o r  i n t e l l i g e n t  p r o c e s s i n g .  T o d a y  w e  a r e  w i t n e s s i n g  t h e  3 - D  g e n e r a t i o n  o f  X - r a y  C T  :  
'  
S c a n s  w i t h  i m p r o v e d  s p a t i a l  r e s o l u t i o n ,  s p e e d  o f  s c a n n i n g ,  f l e x i b i l i t y  o f  t a k i n g  ;  
s l i c e s  i n  d i f f e r e n t  o r i e n t a d . O D S ,  e t c .  V a r i o u s  h e a d  h o l d e r s  h a v e  b e e n _  d e v e ! o p e d  f o r ·  
a  b e t t e r  r e g i s t r a t i o n ·  o f  t i l e  p h y s i c a l  b l a g e  a n d  i t s  o b j e c t  [ 2 9 ,  6 ] .  I n  a d d i t i o n  t o  : •  
t h e  X - r a y  C T  S c a n s , - ·  w e  · s e e  m o r e  a n d  . : » r e  e l l i s s i o n  t o m o g r a p h i c - m a c h i n e s ·  · a v a i l a b l e ·  ·  [  
( 2 7 ] ,  t h u s  g e n e r a t i n g  c o m p l e m e n t a r y  d a t a  t o  t h e  X - r a y  C T  S c a n s .  ·  ~- - - - . .  .  -
1  
I n  v i e w  o f  t h i s  o v e r w h e l m i n g  r e a l i t y  o f  t h e  q u a n t i t y  • n d  q u a l i t y  o f  i m a g e  d a t a ,  w e .  
i n  t h e  i m a g e  p r o c e s s i n g ,  c o m p u t e r  g r a p h i c s  a n d  a r t i f i c i a l  i n t e l l i g e n c e  c o m m u n i t y  a r e  '  _  ~ •  
a s k i n g  b o w  o u r  t e c h n i q u e  c a n  b e  u s e d  f o r  s o m e  i m p r o v e m e n t s .  I n  t h i s  p a p e r  w e  s h a l l  i  
p r e s e n t  s o m e  a p p r o a c h e s  t h a t  h a v e  b e e n  t a k e n  b y  o u r s  a n d  o t h e r  l a b o r a t o r i e s  i n  t h e  
e f f o r t  o f  i m p r o v i n g :  
a )  t h e  s p a t i a l  r e s o l u t i o n , i n  p a r t i c u l a r  i n  t h e  Z  c o o r d i n a t e  
b )  t h e  v i s u a l i s a t i o n  o f  t h e  d a t a  
c )  t h e  i d e n t i f i c a t i o n  o f  a n a t o m i c  s t r u c t u r e s .  ·  _ _ _  ,  
T h e  r e l e v a n t  l i t e r a t u r e  i s  v 2 s t  a n d  i n  s p i t e  o f  h o n e s t  e f f o r t  t o  c o v e r  a l l  t h e  
g r o u n d s  w e  m a y  h a v e  m i s s e d  s o m e .  
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i  . .  -
W h a t  f o l l o w s  w i l l  b e  a  p r e s e n t a t i o n  o f  t h e  p o i n t s  a ) .  t h r o u g h  c ) . ,  i n  t h a t  o r d e r .  A t ·  
t h e  e n d  w e  s h a l l  v e n t u r e  s o m e  f u t u r e  e f f o r t s  i n  t h e s e  a r e a s .  
~. T h e  S p a t i a l  R e s o l u t i o n  
I .  -
T h e  f u n d a m e n t a l  l i m i t a t i o n  o n  s p a t i a l  r e s o l u t i o n  s t e m s  f r o m  t h e  · t r a d e - o f f  b e t w e e n  t h e ; _ . : _ _  
d o s e  o f  r a d i a t i o n  ( s a f e t y )  a n d  t h e  s e n s i t i v i t y  o f  d e t e c t o r s .  T h e  s t a n d a r d  d e t e c t o r s  
c u r r e n t l y  a r e  s c i n t i l a t i o n  c o u n t e r s  a n d  a s  H o u n s f i e l d  [ 1 4 ]  p o i n t s  o u t .  t h e  curre~t. 
r e s o l u t i o n  i s  clos~ t o  t h e o r e t i c a l  l i m i t s .  
( " '  \  
I  .  
.  
O t h e r  d e t e c t o r s  h a v e  b e e n  c o n s i d e r e d  s u c h  a s  X e n o n · · [ 9 ] ,  w h i c h  d o  a l l o w  t h i n n e r  s e c -
t i o n s ,  3  m m . ·  a s  o p p o s e d  t o  t h e  s t a n d a r d  1 2  m m .  ( 2 1 ,  2 2 ,  3 1 ] ,  h o w e v e r  t h e s e  d e t e c t o r s  
a r e  n o t  a s  s t u r d y  a s  t h e  s c i n t i l a t i o n  c o u n t e r s .  C h u  a n d  h i s  c o l l e a g u e s  h a v e  e x p e r i -
m e n t e d  w i t h  C a d m i u m  T e l l u r i d e  ( C d  T e )  a s  a n  X - r a y  d e t e c t o r .  T h e s e  d e t e c t o r s  a r e  
s t a b l e  a n d  e a s y  t o  h a n d l e  a n d  h a v e  h i g h  d e t e c t i o n  e f f i c i e n c y .  T h e i r  e f f i c i e n t  c o n -
v e r s i o n  o f  e n e r g y  t o  c h a r g e  p e r m i t s  h i g h  s p a t i a l  r e s o l u t i o n .  U n f o r t u n a t e l y ,  · d u e  t o  
·  p o l a r i z a t i o n ,  t h e  t a i l i n g  o f  n o i s e  i s  h i g h .  T h e r e  a r e  a l s o  v a r i a b l e  l e a k a g e  c u r -
r e n t s  a n d  l o n g  ' m e m o r y ' .  I n  v i e w  o f  a l l ,  t h e s e  d i s a d v a n t a g e s ,  . .  i t  i s  i m p r o b a b l e  t h a t .  1  
t h e s e  d e t e c t o r s  w i l l  b e  p r a c t i c a l  f o r .  C A T  S c a n n e r s . '  ,  ;  !  .  .  l  · •  
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S o  f a r · w e ·  h a v e - c o n s i d e r e d ·  o n l y ;  coliina~e.t b U . . ; - .  · A n o t h e r  w a y :  t o  tuip~o~e-\:hi ~atial·! , . _  
r e s o l u t i o n  i s  t o ·  h a v e ·  f a n - b e a m  g e 6 m e t r y [ 3 1 J , - · a n d  f i n a l l y ·  c o n e - b e a m  g e o m e t r y , . - I n  - - r _ : .  
c o m p a r i s o n .  t o  c o l l i n a t e d  beams~ .  t h e .  c o n e - b - - a l l o w s  a  m o r e  c o m p a c t  experimental:...~- -~ 
l a y - o u t ;  .  i n  :  com~arison t o  a  f a n - b e a a ,  r e q u i r e s  f e w e r  e x p o s u r e s  a n d  h e n c e  a  l o w e r  .  :  f  
r a d i a t i o n  d o s e . L 2 4 ]  H o w e v e r ,  t h e  r~onstruction a l g o r i t h m  f o r  a  c o n e • b e a m  i s  a  
c h a l l e n g i n g  p r o b l e m  c o m p u t a t i o n a l l y .  F o r  r e v i e w  s e e  [ 8 ] .  _ _  _ _  . . .  - - - · · · · · - ·  
A  d i f f e r e n t  a p p r o a c h  t o  i m p r o v i n g  - t h e  s p a t i a l  r e s o l u t i o n ·  i n  b e t w e e n  t h e  s l i c e s  w a s : - ·  
t a k e n  b y  G l e n n  a n d  h i s  c o l l e a g u e s . [ l O ]  T h e y  h a v e  t a k e n  m u l t i p l e ,  o v e r l a p p e d  8  m m . - ;  
.  I  
s e c t i o n s .  T h i s  d a t a  . w a s  t h e n  d e c O D V O l u t e d  a n d  d i s p l a y e d  l . u m .  t h i n  s e c t i o n s . - - O f - - - '  
c o u r s e  t h i s  i m p l i e s  incr~ased _ d a t a  _co~_ec:tion a n d  _ t h e - r e b y  _ _  i n c r e a s e d  d o s e . · - · · - '  _ _  i .  - - - . - - - · -
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W e  h a v e  c c i n s i d e . r e d  · t h i s - p r o b l e a  i l i - o u r - l a b o r a t ' C i e y  a s  w e l l .  ·  T h e r e  a r e  t w o  b a s i c  s o l - '  
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- - - · a )  
b )  
- - - - - ! . - .  -~. · · - · - · · · - : .  -·~- . . . : . :  
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( s e e  F i g u r e  1 )  a s  w e l l  a s  · b y  l l e . r a a D  [ 1 2 ] ,  a n d  B r o o k s  a t  a l .  [ 5 ] ;  f o r · · r e c o t i s t r u c t i n g  · :  - -
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T h e  i n t e r p o l a t i o n  t e c h n i q u e  c o u l d  b e  a i d e d  b y  t h e  a n a t o m y  a t l a s ,  S ( )  t h a t _  _ c e r t a i n  
o b v i o u s  d i s c o n t i n u i t i e s  i n  t h e  s t r u c t u r e  a r e  r e c o r d e d .  T h e  d i s a d v a n t a g e  o f  t h i s  
m e t h o d  i s ,  h o w e v e r , · t h a t  i n  g e n e r a l  i t  i s  a n  a p p r o x i m a t i o n  o n l y  t o "  t h e  real~ty. 
· - ·-~----.. - - · ·  . .  . .  . .  .  . .  .  · • · - .  - - - - - · - -
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T h e  s e c o n d  m e t h o d  r e q u i r e s  t a k i n g  m o r e  m e a s u r e m e n t s  ( X - r a y s )  b u t  h a s  t h e  a d v a n t a g e  ·  - · - - -
t h a t  t h e  r e c o n s t r u c t i o n  p r o c e s s  i s  m o r e  d a t a . d r i v e n  t h a n  k n o w l e d g e - d r i v e n  • . .  - -
•  
. . . . . .  
C o n s i d e r  t h e  f o l l o w i n g  c a s e :  
A s s u m e  t h a t  i n  a d d i t i o n  t o  t h e  t o m o g r a p h i c  s l i c e s  w e  t a k e  t w o  o r t h o g o n a l  X - r a y s  
( s e e  F i g u r e  2  a , b ) .  A s s u m e  a l s o  t h a t  f o r  n o w  w e  a r e  i n t e r e s t e d  o n l y  i n  r e c o n s t r u c t - .  
i n g  t h e  b o n e  s t r u c t u r e .  T h e n  t h e  X - r a y  h a s  ( d u e  t o ·  t h e  f i l m )  t h e  h i g h  s p a t i a l  r e -
s o l u t i o n , · w h i l e  t h e  t o m o g r a p h i c  s l i c e  r e p r e s e n t s  t h e  e s t i m a t e  ( t h e  a v e r a g e )  o f  t h e  
g e o m e t r y  i n  t h e  v o l u m e  a s  s h o w n  i n  F i g u r e  2 c  •  . . .  ;  ·  7  - .  - :  .  
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n G U R E  2 c  
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